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OBJECTIVES The study objective was to develop and validate a simple risk score to predict postoperative
permanent pacing (PPM) after valve surgery.
BACKGROUND Our ability to identify patients preoperatively that will require PPM is poor. A simple
preoperative risk score to predict PPM after valve surgery could assist both clinical practice
and research.
METHODS All valve surgery patients at our institution from 1992 to 2002 were included (n  4,694).
Two-thirds of the patients were randomly selected to form a risk score prediction group (PG),
and the score was then applied to the remaining patients (validation group [VG]).
RESULTS Preoperative right bundle branch block (odds ratio [OR], 3.6; 95% confidence interval [CI],
2.3 to 5.7) and multivalve surgery that included the tricuspid valve (OR, 3.7; 95% CI, 2.3 to
6.1) were the strongest independent predictors of PPM, while multivalve surgery that did not
include the tricuspid valve (OR, 2.1; 95% CI, 1.3 to 3.3), preoperative left bundle branch
block (OR, 2.0; 95% CI, 1.3 to 2.9), preoperative PR interval 200 ms (OR, 1.9; 95% CI,
1.3 to 3.0), prior valve surgery (OR, 1.8, 95% CI, 1.2 to 2.7), and age 70 years (OR, 1.4;
95% CI, 1.04 to 2.0) also predicted PPM. A risk score from 0 to 6 identified patients in the
VG with incidences of PPM of 1.9%, 5.2%, 8.7%, 11.5%, 21%, 36%, and 50%, respectively.
CONCLUSIONS A simple risk score incorporating preoperative conduction, age, prior valve surgery, and
surgery type predicts PPM after valve surgery. This score may be useful in the perioperative
management of valve surgery patients. (J Am Coll Cardiol 2003;41:795–801) © 2003 by
the American College of Cardiology Foundation
Approximately 5% of the 100,000 patients who undergo
cardiac valve surgery each year in the U.S. will require
postoperative permanent pacemaker (PPM) implantation
before hospital discharge (1,2). Advanced age, previous
valve surgery, and multivalve surgery have been associated
with the need for PPM, but the ability to preoperatively
identify those patients who will require PPM is poor (3–6).
Furthermore, the independent predictive value of the pre-
operative electrocardiogram (ECG) to predict patients who
will need permanent pacing is unknown (2). In addition to
more accurately informing patients of the potential need of
permanent pacing after surgery, preoperative identification
of high-risk patients could lead to different approaches to
temporary postoperative pacing and altered surgical tech-
niques.
This study was designed to develop and validate a simple
preoperative risk score, utilizing demographic, ECG, and
surgical characteristics to predict the need for permanent
pacing after cardiac valve surgery.
METHODS
All patients who underwent cardiac valve surgery at the
Brigham and Women’s Hospital from March 1992 to
February 2002 were included in the study. Patient records
were analyzed for baseline demographics, preoperative
ECG characteristics, surgery indication and type, and the
need for PPM before discharge. Patients who had an
indication for PPM or an implanted cardioverter-
defibrillator (ICD) preoperatively were excluded from anal-
ysis. Patients who died within six days of surgery were also
excluded. Patients who underwent postoperative ICD im-
plantation were considered to have a PPM only if they also
had an indication for permanent pacing independent of
their need for an ICD; otherwise they were classified in the
nonpacemaker group. After these exclusions, 4,694 patients
met these inclusion criteria and were available for analysis.
Preoperative ECG intervals were measured by an auto-
mated system (1991, Marquette Electronics, Milwaukee,
Wisconsin), which has been previously validated (7,8). The
final ECG report generated by the automated system was
validated by a cardiologist at our institution.
Two-thirds of the patients were selected at random to
form the risk score prediction group (PG). The primary
outcome was “postoperative implantation of a permanent
pacemaker.” Multivariate logistic regression was performed
on the PG to identify independent predictors of the need for
PPM. The relative values of the beta coefficients of the
independent predictors were then used to devise the risk
score. This score was then applied to the remaining one-
third of the cohort (the validation group [VG]).
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Statistical analysis. All statistical analysis was performed
using SAS Version 8.0 software (Cary, North Carolina).
Random selection was performed by random number gen-
eration using SAS. Continuous outcomes were analyzed
using t tests, and dichotomous variables were analyzed using
chi-square tests. Continuous variables are expressed as mean
 SD, and dichotomous variables are expressed as a frequency
percentage. A p value of 0.05 was considered to be statisti-
cally significant. Multivariate analysis was performed on the
PG using stepwise logistic regression with forward selection
and backward elimination using a p value of 0.2 for entry, and
0.05 for elimination until the last variable entered was subse-
quently eliminated. Results are expressed as an odds ratio (OR)
with 95% confidence interval (CI).
RESULTS
Patient characteristics. Baseline patient characteristics are
displayed in Table 1. There were no significant differences
between the prediction group and the validation group. For
the two groups, mean age was 65 years, and nearly half
(42%) were female. Approximately 11% of patients had
prior valve surgery, 13% of patients underwent multivalve
surgery, 56% underwent some form of aortic valve surgery,
and 51% of patients underwent some form of mitral valve
surgery. Preoperative ECG demonstrated first degree atrio-
ventricular block in 12% of patients, left bundle branch
block (LBBB) or right bundle branch block (RBBB) in 8%
of patients, and bifasicular block in nearly 2% of patients.
Some form of preoperative conduction abnormality was
noted in 20% of patients. The PPMs were implanted in 256
of 4,694 patients (5.5%) with equal likelihood of PPM
implantation in the PG and VG (5.4% vs. 5.6%, p  NS).
For the entire cohort, the indication for permanent pacing
was atrioventricular block in 63%, and sick sinus syndrome
(including asystole) in the remaining 37%, which is consis-
tent with patient cohorts reported from other institutions
(9).
Univariate analysis of PG. Age 70 years and prior valve
surgery were found to be univariate predictors of permanent
pacing after valve surgery, while gender and concomitant
coronary artery bypass (CABG) were not predictive of
permanent pacing (Table 2). Preoperative ECG predictors
of permanent pacing are displayed in Figure 1. Permanent
pacing was more common in patients with preoperative first
degree atrioventricular block (8.9% vs. 4.9% with a normal
PR interval, p  0.001), LBBB (10% vs. 4.5% in patients
with no bundle branch block, p  0.004), RBBB (not
including bifasicular block) (18% vs. 4.7%, p 0.0001), and
bifasicular block (16% vs. 4.5%, p  0.0001). Rhythm on
Abbreviations and Acronyms
AV  aortic valve
CABG  coronary artery bypass grafting
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ECG  electrocardiogram/electrocardiographic
ICD  implanted cardioverter-defibrillator
LBBB  left bundle branch block
OR  odds ratio
PG  risk score prediction group
PPM  postoperative permanent pacemaker/pacing
RBBB  right bundle branch block
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(n  1,578) p Value
Age 65  14 65  14 65  14 NS
Female 1,968 (42%) 1,317 (42%) 651 (41%) NS
Prior valve surgery 497 (11%) 331 (11%) 166 (11%) NS
PR  200 553 (12%) 383 (12%) 170 (11%) NS
Left bundle branch block 200 (4.3%) 130 (4.2%) 70 (4.4%) NS
Right bundle branch block* 187 (4.0%) 119 (3.8%) 68 (4.3%) NS
Bifasicular block 81 (1.7%) 49 (1.6%) 32 (2.0%) NS
Atrial fibrillation on admission 988 (21%) 666 (21%) 322 (20%) NS
Single valve-aortic 2,197 (47%) 1,438 (46%) 759 (48%) NS
Single valve-mitral 1,797 (38%) 1,216 (39%) 581 (37%) NS
Mitral replacement 576 (12%) 390 (13%) 186 (12%) NS
Mitral repair 1,221 (26%) 826 (27%) 395 (25%) NS
Single valve-tricuspid 57 (1.2%) 43 (1.4%) 14 (0.9%) NS
Pulmonic valve surgery 60 (1.3%) 43 (1.4%) 17 (1.1%) NS
Valve repair only 1,700 (36%) 1,125 (36%) 575 (36%) NS
Any multivalve surgery 627 (13%) 405 (13%) 222 (14%) NS
AV  MV 333 (7.1%) 223 (7.2%) 110 (7.0%) NS
MV  TV 173 (3.7%) 104 (3.3%) 69 (4.4%) NS
AV  TV 19 (0.4%) 15 (0.5%) 4 (0.3%) NS
AV  MV  TV 51 (1.1%) 28 (0.9%) 23 (1.5%) NS
CABG  valve 2,006 (43%) 1,338 (43%) 668 (42%) NS
Postop pacemaker 256 (5.5%) 168 (5.4%) 88 (5.6%) NS
*Bifasicular block excluded. No statistically significant differences existed between variables in the two groups.
AV  aortic valve; CABG  coronary artery bypass surgery; MV  mitral valve; PR  PR interval; TV  tricuspid valve.
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admission (sinus vs. atrial fibrillation), QRS widening in the
absence of bundle branch block, and gender were not
predictive of the need for PPM. The type of valve surgery
greatly impacted the likelihood of PPM (Fig. 2). Patients
undergoing aortic valve surgery had a higher risk of post-
operative PPM than those undergoing mitral valve surgery
(5.1% vs. 3.5%, p  0.04). Surgery involving the tricuspid
valve appeared to confer a higher risk compared with
surgery not involving the tricuspid valve. Multivalve surgery
conferred an almost threefold increased risk of PPM, while
valve repair was associated with a significantly lower uni-
variate risk of permanent pacing compared with valve
replacement.
Multivariate analysis of the PG. Multivariate logistic
regression was performed utilizing a model that included
age, gender, baseline rhythm, concomitant CABG, and
each of the univariate predictors of PPM. Significant
independent predictors of permanent pacing after valve
surgery in the PG included age 70 years, prior valve
surgery, PR interval 200 ms, RBBB, LBBB, multivalve
surgery with tricuspid valve included, and multivalve surgery
not including the tricuspid valve. The beta coefficients and
ORs with 95% CI derived from the multivariate regression
model are displayed in Table 3. Multivalve surgery involving
the tricuspid valve (OR, 3.7; 95% CI, 2.3 to 6.1) and RBBB
(OR, 3.6; 95% CI, 2.3 to 5.7) were the strongest indepen-
dent predictors of the need for PPM. Multivalve surgery not
involving the tricuspid valve and baseline LBBB or first
degree atrioventricular block each conferred a twofold in-
creased risk. Although mitral valve surgery was a negative
Table 2. Univariate Risk of Permanent Pacing in the Prediction Group
Characteristics
Frequency of Postop Permanent Pacing
p ValueCharacteristic Present Characteristic Absent
Age  70 yrs 96/1,448 (6.6%) 72/1,668 (4.3%) 0.0043
Female (vs. male) 73/1,317 (5.5%) 95/1,799 (5.3%) 0.75
Prior valve surgery (vs. none) 34/331 (10%) 134/2,785 (4.8%) 0.0001
Valve replacement (vs. repair only) 125/1,991 (6.3%) 43/1,125 (3.8%) 0.004
CABG included (vs. no CABG) 78/1,338 (5.8%) 90/1,778 (5.1%) 0.35
Total group 168/3,116 (5.4%)
*Bifasicular block excluded.
CABG  coronary artery bypass surgery.
Figure 1. Univariate risk of postoperative permanent pacing in the prediction group based on preoperative electrocardiogram. The overall risk of permanent
pacing for the cohort was 5.5%. A-fib  atrial fibrillation; LBBB  left bundle branch block; N  number who received postoperative permanent
pacemaker/number with given characteristic; PR  PR interval; RBBB  right bundle branch block.
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univariate predictor of PPM, it was not an independent
predictor.
Risk score. The beta coefficients from the multivariate
analysis performed on the PG group were utilized to devise
a simple risk score (Table 4). A score of 2 points each was
assigned for RBBB or multivalve surgery including the
tricuspid valve, and a score of 1 each was assigned for the
remainder of the significant independent predictors. The
VG (the one-third of the original cohort not randomly
selected to be in the risk score group) was then used to assess
the accuracy of the risk score in predicting the need for
PPM. For patients in the VG with a score of 0, 1, 2, 3, 4,
5, and 6, the incidence of PPM was 1.9%, 5.2%, 8.7%, 12%,
21%, 36%, and 50%, respectively (Fig. 3). No patient had
the maximum possible score of 7 points. This scoring
system allowed for patients to be divided into low- (score of
0 to 1), moderate- (score of 2 to 3), and high-risk (score4)
groups (Fig. 4). The incidence of PPM in these three groups
was 3.6%, 9.8%, and 25%, respectively.
DISCUSSION
The need for PPM after cardiac valve surgery is common.
Nevertheless, to our knowledge, this is the first study to
demonstrate that a simple risk score incorporating preoper-
ative clinical characteristics, preoperative ECG characteris-
tics, and the type of surgery effectively predicts the need for
a PPM. Equally important, the score accurately identifies a
large, low-risk subset of valve surgery patients that are
unlikely to need a PPM.
The preoperative identification of a high-risk subset of
valve surgery patients who may require permanent pacing




Right bundle branch block 2
Left bundle branch block 1
PR interval  200 ms 1
Multivalve surgery
Tricuspid valve included 2
Tricuspid valve not included 1
Other
Age  70 yrs 1
Prior valve surgery 1
ECG  electrocardiogram.
Figure 2. Univariate risk of postoperative permanent pacing based on type of valve surgery performed. The overall risk of permanent pacing for the cohort
was 5.5%. AV  aortic valve; MV  mitral valve; N  number who received postoperative permanent pacemaker/number with given characteristic; TV 
tricuspid valve.








Right bundle branch block 1.3 3.6 (2.3–5.7)
Left bundle branch block 0.7 2.0 (1.3–2.9)
PR interval  200 ms 0.7 1.9 (1.3–3.0)
Multivalve surgery
Tricuspid valve included 1.3 3.7 (2.3–6.1)
Tricuspid valve not included 0.7 2.1 (1.3–3.3)
Other
Age  70 yrs 0.4 1.4 (1.04–2.0)
Prior valve surgery 0.6 1.8 (1.2–2.7)
Beta coefficients and odds ratios with 95% confidence interval (CI) are provided.
ECG  electrocardiogram.
798 Koplan et al. JACC Vol. 41, No. 5, 2003
Permanent Pacing After Cardiac Valve Surgery March 5, 2003:795–801
has important clinical implications. The number and loca-
tion (ventricular vs. dual-chamber) of temporary epicardial
pacing wires implanted at the time of surgery are clinical
decisions that have typically been determined by surgeon
preference based on clinical experience and the perceived
risk of postoperative bradyarrhythmia. Temporary epicardial
pacing wires are not completely without risk. Their postop-
erative placement and removal can cause bleeding, cardiac
tamponade, bypass graft injury, or infection (10–13). These
risks may be higher with temporary atrial epicardial pacing
electrodes. This risk score would allow for a clinical decision
to be made in the operating room based on an accurate
Figure 3. Percent of patients in the validation group who required postoperative permanent pacing, grouped by risk score. The percentage of patients in
each group is listed at the bottom.
Figure 4. Incidence of permanent pacing in the validation group in “low-,” “moderate-,” and “high-” risk subjects based on preoperative scores of 0 to 1,
2 to 3, and 4, respectively.
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estimate of the patient’s risk of pacing. In many patients, the
absence of temporary epicardial pacing electrodes imposes a
risk associated with delayed treatment of the bradyarrhyth-
mia. For example, a patient with a markedly reduced left
ventricular ejection fraction at high risk for atrioventricular
block may benefit from dual-chamber temporary epicardial
electrodes to preserve AV synchrony. Other high-risk pa-
tients may benefit from more than one set of ventricular
epicardial electrodes to ensure reliable pacing and to avoid
the urgent placement of temporary transvenous pacing. In
some cases epicardial placement of a permanent system may
be appropriate. This is particularly relevant for patients with
reduced ejection fraction who may benefit from epicardial
left ventricular pacing for hemodynamic reasons and who
have detrimental effects of right ventricular apical pacing
alone.
On the other hand, the risk score can be utilized to
identify a large proportion of valve surgery patients that are
low risk. Patients with a risk score of 0 (37% of the cohort)
had less than a 2% risk of the need for permanent pacing. A
single set of epicardial ventricular electrodes may be a
reasonable option for these patients.
The risk score has other important clinical benefits. The
score allows patients to be accurately advised preoperatively
regarding the likelihood of a PPM. The importance of this
information to the patient should not be underestimated, as
patients would be expected to have increased confidence in
their surgeons and increased satisfaction with their overall
care when potential complications are discussed thoroughly
and accurately.
A number of specific risk factors were identified as
independent predictors of the need for PPM. Among these
factors were several indicators of preoperative conduction
system delay on the surface ECG, including a PR interval
200 ms, RBBB, and LBBB, which each independently
predicted the need for PPM. While prior studies have
demonstrated the importance of multivalve surgery and
previous valve surgery, this study is the first to utilize
multivariable analysis to demonstrate the magnitude of
preoperative conduction abnormality as an independent
predictor of PPM (1,3). Furthermore, the somewhat sur-
prising finding that RBBB is a more powerful predictor of
PPM than LBBB is likely due to a higher rate of injury to
the left bundle than the right bundle during aortic or mitral
valve surgery, resulting in complete atrioventricular block
when RBBB is already present.
The decision to implant a permanent pacemaker after
valve surgery in this study was at the physician’s discretion
in agreement with the current American College of Cardi-
ology/American Heart Association guidelines for perma-
nent pacing (14). Although potential biases such as a lower
threshold for permanent pacing in the elderly and perceived
cost-benefit decisions related to length of stay may have
influenced this decision, biases such as these are probably
not unique to our institution, and they should not make our
results any less valid. The mean postoperative day of
pacemaker implantation was 8.4 5.8 days (median 7 days)
in this study. Recovery of conduction after valve surgery
usually occurs by the seventh postoperative day (15), al-
though some studies suggest that up to one-third of patients
who receive permanent pacing after cardiac surgery will
ultimately not be pacemaker-dependent (9). Nevertheless,
prolonged immobilization from temporary pacing impedes
patient recuperation and may increase the risk of pneumo-
nia, deep venous thrombosis, and pulmonary embolism.
Given these issues of risk and benefit, the timing of
pacemaker implantation in this study is probably similar to
what other physicians advocate in their practice and in the
literature (16).
The risk score could be a useful tool for developing and
evaluating new surgical techniques to reduce the incidence
of permanent pacing after valve surgery. By identifying
high-risk patients before surgery, surgeons may explore
alternative approaches to valve surgery.
Finally, previous authors have established methodologic
standards for clinical predication rules (17,18). These stan-
dards, which include a clearly defined and clinically impor-
tant outcome, absence of ascertainment bias, and precise
definition of possible predictors, are fulfilled by our model.
The large cohort size and the large number of patients
requiring permanent pacing in this study allowed both the
PG and the VG to be drawn from the same cohort. In
addition, the rate of permanent pacemaker implantation in
our cohort is similar to postvalve surgery permanent pace-
maker implantation rates reported elsewhere, and the de-
mographics of the patients in this study are typical for
people undergoing cardiac valve surgery. These findings
suggest that our results could be extrapolated to patients
undergoing cardiac valve surgery at other institutions.
In conclusion, a simple risk score based on preoperative
clinical characteristics, preoperative ECG characteristics,
and type of surgery accurately predicts the need for perma-
nent pacing after cardiac valve surgery. This score should
prove valuable for the perioperative management of valve
surgery patients and hopefully will lead to the exploration of
alternative approaches to valve surgery in patients at high
risk for permanent pacing.
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